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NOTICE
THIS DOCUMENT HAS BEEN REPRODUCED FROM
THE BEST COPY FURNISHED US BY THE SPONSORING
AGENCY. ALTHOUGH IT IS RECOGNIZED THAT CER-
TAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RE- |
LEASED IN THE INTEREST OF MAKING AVAILABLE
AS MUCH INFORMATION AS POSSIBLE.
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EFFECT OF PERIODIC CHANGES OF ANGLE OF ATTACK

. : OF BEHAVIOR OF AIRFOILS.* .

B8y R. Katzmayr.

Both froum theuoretical considerations and the dbser§ation
of bird flight, we have learned that soaring flight is possibla
only when. an airfeil can draw energy from the-surrounding air,
also, thap this can ve best accomplished in gusty weather. Tiz
correctness of the above gstatement was, moreover, verified by
_thé Rhore scari.g flights ¢ man-carrying, engincless airplancs
in the autumn o 192L. bﬁly'qualitative tests had hithervo
-peen_ﬁade oﬁ the effect of periodic changes of the anéle of
attack of Tesisting bodies. These experiménts also confirm the
claim to a considerable reducticn in the drag with only a slight '
influencé on the 1ift. |
In May, 1921, the writer began a seriss of experiments,

ﬁhich, although still far from corpletion, has already gi#en
quaﬁtitatife results on the effect of periodic changes in the
direction of the relative air flow against airfoilét’[The exrer-
iments, which were pcrfofmed in the acrcdynanmic labﬁratory of
the Vienna Technical High School, may be divided irt o two ser-
ies. The first series embraces all the experiments in which *ue
angle of attack of the wing model was changed by causing the
latter to oscillate about an axis parallel to %he span and.at
ey right angles to the air flow., The second series embraces all

the experiments in which the direction of the alr flow itself

* From "Zeitschrift fur Flugtechnik und Yotorlufischiffanrt,”
March 31, pp. 80-82, and April 13, 1923, pr. 95-101. 515*’
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) was periodically changazd,

The vesults of +the firet series of experiments will be giv-

SR A

Kb il

en flrst. A knowledge of the general plan of the Vienna aero-
dynamic laboratory is here assumed.* I will simply mention thaz
g tLe direction of the air flow is veritically downward and that

8 7 she experiment chaxmber is freely accessible, the same as in the
thtingen iaboratory. |

? 1t is evident that the strong oscillations, necessarily

. occurring in thsse experiments, could not be sufficiently damred

‘by the ordinary devices, For this purpose, there was attached

to the balance & iTfor determining the 1lift) (Fig. 1) an exten-—
sion b, from the free end of which hung a plate d, 4immersed
L 38 in a vessel of oil o. The float-balance e (for measuring the
sg 3 . drag) was likewise dauped by a plate g, immersgd in a vessel
vi ’ of 0il and connected with the float-balance by means of the_wire
h. The 1ift and drag wére weasured separately, since the‘mam—
ner of attaching the drive for oscillating the mcdel did not

g 2llow the simultaneous measuring of both values. The model w2s

supported in the air stream by means of two sheet steel pleces

of the share shown in Fig 3. The pieces m penetrate the mod-
el at two points, where there are pivots n, about which the
model can te readily turned with reference to the steel pieces

=

Contrary to the usual method of suspending the wing model 1n <hc

air stream, the pieces m arc attached to the float-balance

e by means of *he vertical wires 1 and to the balance a ©Tr

1
@ ! * Von Doblhoff, ZFY, 1214, MNcg. 7 and 8: "Das Aeromechanische
: Laboratorium d°r Lehr kanzel fu“ Luftschiffahrt und Automobilwes-
ot en an der k., k. Technischen Hochschule in Wien, "
fa
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means of the norizontal wires o and p.  The model q could turn

frecly about the pivots n, withous affuuting the balances.

wioWeasuling the 1ift, the wing model q ywag oscillated by means

4

of the =2

¢

€asric drive v, and the wirea and 8 (Fig. 1),

wnich weres attached to a cross-piece t, rigidly connected =uth

the medel, and to the double-armed lever Uy, The latter oscii-

lated about thae axis w,. The eccentrio drive v, received ite
: 2
pover from the elsgiric motor =x,. While determining the,1ifs

th: drag balance was held stationary. Singe T and s were ex-

actly perrendicular to o and p. the Tealings of balance a

were not affected. In determining the drig, the model q was

oscillated by ths horizontal rod v,, Wwhlol was connected with

‘the vertical lever 2,. The latter oscillytcs avout the pivot

Wy, thereby oscillating the model ¢ aloyt the axis n, The

rod 1z, was oscillatsd by the lever wu,, which was driven by the
electric motor ia and éhe eccentric v,., Sirge tre length cof
the lever arm 22 equalled the distance rrom the leading edge
O the wing to its axis of rotatien n ang the rod y, was al-
waye perrerdicular to the direction of thw wireg i, the deter-
mination cf the drag was not affected by the osaillation of the
model,

The experiments were performed with (ha Gottingen wing sec-
tion G189, shown in Fig., 3a, Its dimensiing wore 720 x 120 mm.
It was subjected to three wind pressures ¢ P = 5, 10 and 20 m~
of water and also to threse different osclillation sreeds of the

model (2C, 30 and 0 complete oscillations Per minute) at differ—

%’?7/
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ent osclllation angles g (Fig. 4). The latter were set at
g%, +13°, and +15°, while the mean angle of attack & +was
civen the valuee —60, -30, OO, 3° ang 8°, |

The results are shown in Table 1 and Fig. 5. At the outset
it must be stated that the results, at least within the allowable
error limits, were inderendent of the oscillation speed of the
model. The influence of the wind pressure on the results was
normal, i,e,, increasing pressure gave more favorable values of
L/D, ~In every instance, the oscillation of the airfoil, in an
aif flow Qf uniform velocity and direction, produced a decidedly
unfav orable effect on both 1ift and drag. The latter increases
with the amplitude of the oscillation angle 8. The positicn .
of the individual points of the diagram for different oscilla-
tion angles is worthy of note. They lie, with considerable accu-
- racy, on straight lines intersecting at a point which might be
‘termed the "pole". The practicél significance of this fact is
that, for a given, rather large oscillation angle B (a variasicn
cf the zero angles «, abou* which the cscillations occur), thers
is no change in the magnitude of the air force. Hence, the air-
fo1l works like/:géinary resisting body of simple definite 1ift
and drag, 1In any case, it is of practical significance that, with
a wind blowing in & constant directicn, no improvement of the
aerodynanic propertieé ¢f an airfoil car be obtained by causing

1t to oscillate about ar axis n 1lying within the perimeter and

parallel to the edge of the airfoil.

ey 3 - o Nuaa aiacEn g at v a2t L3 b b b L L i) hhadahiha s oy Ny a . a4
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The Question arcse as to wnether thess results would be
changed; if, instead of turaning pe:icdicﬂ.iy about the axis =,
the oacillations were parallel %o th2 chord of the aiifoil. In
this event, there would be no changs in the angle of attack,
but rather a change in thé aerodynamnically effective starting an-
gle, corresponding to the flapping of a bird's wings. For these
experiments, the model was susrended in the air stream the same
as for an ordinary experiment. The balance a was, however,
pl&cedron a slide, so that 1t could be shoved back and forth on
a horizontal base, the motion being transmitted to the model by
means of the retaining wire, In fact, the leading edge of thae
airfoll made an insignificant motion parallel to the direction
of flow, caused by the oscillati on of the model about the uprer
suspension point cf the wires i (Fig. 1), The amplitude of
these oscillations was ohly 0.8 mm and may therefore be disre-
gardeds The amplitude of the oscillations perpendiailar to the
direction of flow was 100 mm. The experiment was first tried
with the model'G189. The oscillation numbers.per minute were
11.5 and 28.5. The results, given in Fig, 6, show, in both cases,
a2 change for the worse in the aerodynamic constants of the air-
foill, in comparison with those for a2 motionless model in a uni -
formly flowing air strean. Thg change for the worse is greater
for a larger number of oscillations per minute. In beoth cases,
there is a marked increase in the drag; while the 1ift is onlvy
slightly diminished, The airfoil G413 (Fig, 3b) was also tried

under like conditions, the number of oscillations per miaute t¢
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30 and 37,5.‘ From Fig. 7, vwhich gives the results, we sees that
this airfoil was also affacted unfavorably by parallsel oscilla-
tions in a uniformly flcwing aiz strear.

Ae already menticned, the second seriss embraced all those
experiments in vhich the model remained stationary in the air
strean , while the direction of the air flow itself was subjec ed
to periodic oscillations, The device,.which was installed at
the mouth of the outlet eone is shomn in Fig, 8., It consists of
four streamiined bodies: 1, 2, 3, and 4, of the shape and dimen-
slons shown in Fig., 9. They were attached by flexibvle strape on

the end toward the outlet cone. The spacings between them weze

120 mm and their trailing edges were 600 mm from the leading

edge of the airfoil at 4q. The arrangement was such that the
model 'did not stand directly in line with either of the guiding
bodies, To the trailing edges of the guiding todies 1-4 the zodi:x
6-9 were respectively atitached in such manner that all the guides
moved in unjson. Rod 7 was-specially long and was attached to
the eccentric wheel v, driven by the motor x,. The guiding
bodies 1-4 could bes made of other lergths by attaching the con-

necting rod at other points on rod 7. Since the air sreed could

not be measured with the ordinary laberatory equipment, a simple

Pitot tube was attached to rod 7, just above the a2irfoil, so that

-1ts open end came between guides 2 and 3. A rubber tube conneci-

ed the Pitot tube to the manometer 11 (Fig. 8). Tke manner cf
susrension of the airfoil and the reinforced damping device wers

the same as in the first series of experiments. ,Ya—
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The firsi task was to determine thz effect of the oscillatz-
ing guides 1-4 cn the air stream. By means of woolen‘threads
held in the air stream, it was found that although the guides em-
braced only-the ciddle portion of tne air stream, the latter was
very uniferely deflected throughout its whole wid+th. The guides
could be turned through an angle uwp to B, = 26° without the air
flow becoming noticeably separated from their surfaces. There
occurred, howe#er, a2 strong disturbance of the air fiow. The fc¢
lowing éxperiments were therefore only carried to B=:£24°. When
the guides 1-4 oscillated, all the threads swung synchronously,
though their maximum.def ection was somewhat less than that of
the guides. In the following tables there are accordingly given
both the maximum ceflections 5, of the guides and B of the
threads. The latter was found by hanging in the air stredm a
finely dréwn glass tube, which, on account of its light weignt
snssumed with sufficient accuracy the direction of the threads.
Also errors due to gravity cannotl have been very large. The
greaﬁest deflectiors of this glass indicator were observed with
a cathetometer and read on a curved scale, Since both positivsa
and negative angular deviations were read and compared, it may
be assumed that no great absolute errors could have been made
in the deterrination of the direction of the air flow. At any
rate, reliable comparativs values between the individual seriss
of measure—ents were obtained. The glass tube, used as an indi-

LEealL g

cator, was suspended in ths air siream a little above the

eage and beyecna the influsnce of the model.
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As already mentioned, the air pressure was measured with a
Pito. tube. 1Its readings were compared with a control tube and a
second micromarometer and both the reliability of this method of
measuring and the uniformity of the velocity of the different
forfions of‘the air stream were verified. It is obvious that the
oscillations of the guides must produce pulsations in the air
stream. Thus far it has not been possible to determine these
quautitafively by'simple means, They‘could not, ho-ever, have-,
been very great, since both manomete‘s varied but slightly dL*inE
the experiment, ‘ '

The best proof of the reliability of the guiding device proo-
ably conbisted in the fact that, through a2 gradual turning of tre
guides 1-4 with a stationary model, the normal and tangential
force'lineé.of the wing model could be directly obtained, éince,
in the above manner, the change in the angle of attack was effect-
ed by changing the direction of thé air flow and the air force
components perpendicular and parallél to the wing chord could be
weighed directly by toth balances.- & comparison of the normal-
.tangential (N & T) line, thus obtained, with the line obtained
from,the lift-drag line gives a noteworthy agreement of both lines,
as may be seen in Figs. 10-12 for the three airfoils shown in Figs.
Ja, 3b, and 3c. Therein the encircled points indicate the values
ootzined by deducticrn “rom tne iift-Cérag line and the points mark-
ed with.exes indicats the values obtained by direct weighing.

The models G189 and G413 and also the airfoil LAl09 (Fig. 3c)

95
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were emploved in the experiments.,* The latter had the regular di-
mensions, 960 x 180 mm, employed in the Vienna Institute, Alc:a:
with‘two thick wing sections, of different dimensions but the sar:
aspect ratio, a thin one was accerdingly also tested. .All the
' tests were made with a pressure of 20 mm of water. Each model was
eﬁbjected te six different degrees of cﬁange in the direction of
~ the air blast and also to at least two different oscillatien

" speeds of +he air sﬁream. The angle of attack of the model was
changed 3 degress at a time from O to 15° (or 18°)., Since the o8-
cillafions of the guiding mechanism took place-symmetrically abeout
the zero direction determined by the dirsction cf the supporfing
wires 'i, the 1ift and drag values could be directly determined
by welghing ; Each mcdei #as subjected to ths blast with the
gulding meckanism 2% rest ard 2lso —i+th it rsmoved, Thase exXper-
iments procduced the known rphenomenon cf an improvement in the ze-
rodynamic characteristics of 2 wing model with increasing turbu-
lence of the air stream, as combilned in Figs. 13-15,

. Tavle 3 and Fig., 15 throw light on the behavior of section
G189 (Fig. 3a), while %able 3 and Fig, 17 show the behavior of
section G413 (Fig. 3b) and tacle 4 and Fig. 18 show the behavicr
of ving section LAl0C (Fig. 3c) in an oscillating air stream,

For convenient comparison the 1lift-drag line of the given secticn

is included in ez2:ch figure.

(]

Consideration tne results shows first that the effect of

c
* The wing section G413 is taken from the First Report cf the COt-
tingen Aercdvnaric Laboratory, p.78. Ting sectlion LALCS 1s coried
from a wing secticn tz2ken from the lower wing of an Anatra birlane.

1067
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an air stream with pericdiec changes in direction is gquite differ-
et from that of its mechanical analogon, ar oscillating model 'r
an air stream flewing in a constant direction, All the tested
=ing éections show in common a considerable reduction of the drzg,
which, however, is combined with a reducticn in the 1lift. The
latter is not sufficient, however, at least for the small arngle

of attack a, to impair the lift-drag ratios €. Tith the thick
wing sectiorns, a negative drag with a rositive 1lift could be re-
reatedly measured, corresponding therefore to forward ascending

flight., The tested mocdels all show further that with increasing

magnitude of the changes in direction of the air stream, the aero-

dynamic constants of the model improve in the above directicen, al-
though this phenomenon seems to have an upper limit, since é.g.' |
the section G189, beginning at an oscillation angle of B T 28°;

section G413, beginning at E:!illo; and section LAl0Q, begihning

at B = leo, show a new increase of the drag with a further re-

duction of the 1ift. Regarding the influence of the number of os-
cillations of the air stream per minute, it could be establishsd
that this is of little importance, as appears especially from

td le 5, referring tc section G188, which was subjected success-
ively to 27,3, 43, 100, and 106 oscillations of the air stream
rer minute, On the other hand, the experimental results of
sections G 413 and LA 109 show ¢hat, =with a smaller number of os-
cillations, a soimeshat greater 1ift, but also a greater drag

could be observed. 1In Figures 16 - 18, the lift-drag lines

were introduced only as mean values of the experimental results

for different oscillation numbers, It is worth noting that \\7“
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the above-mentioned fhenomena occuired at a relatively small a: zlc
of deflention of the direction of fiow and aven at 30 oscilla-
tlons per zinut2, E:snce a period of twe seconds for a comglete
oscillaticn sufficed to accomplish considerable improvement in

the aerodynamic properties of a wing scection.

Altkough the experiménts of series 1 showed that no practical
use was attalnable by periodically changing the aerodynamically
effective angle of attack of a wing in & constant air streém,
"cﬁmbined" oscillation experiments were nevertheless undertéken
with the model G413, Hereby the wing model not only oscillated
about the angles of attack a, = 0°, 6% and -8° with +5° am-
plitude, but the air stream also changed synchronously its direc-
tion of flow about the zero p&sition Bo-= 0° between the maximux
values B = +5° (oscillation of guiding mechanisnm B, = +12°),
The eccentric wheel drove not only the guiding mech anism, but al-
so (Fig. 1) the lever w, with 4he lever z, and the rod y,.
The oscillations of the model and of the air stream were synchro-
mous though not of like rhass, but showed in consequence of the
shortening of the rodD the course piotted irn Fig. 19 of the chang-
ing of the aerodynamic angle of attack a3, It ﬁay be deduced
from the figure that the angular deflections of the model and air
stream are constantly coxbined in such manner (though not harmon-
ically), that one oscillation tzkes place for every wave trough
and crest. The drag was simply measured at P =230 mm of water.
Table 6 shows that the influence of the oscillating wing model on
the final result is also unfavorable. The strengthening of the

changes of aj through synchronous oscillztions of the wing it- 17

—~
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self are consequurulj r.ot of equal aerodynamic value with a greai-

"er change in the direction of the air stream.

'~ The experiments are still far from being finished. At firss
no stabiiity investigations were undertaken and the expeiimental
methods are yet ‘o be improved. It‘is however already established
"that the effect of flowing air, whose direction is uhdergoing con-
‘stant periodical changes, is extraordinarily favorable on air-
folls., The results“show further that wing sections whiéh exhioit
féy@rablé characteristics in a constant air flow, moTk still bettss

" in an oscillating current, and also that wing sections with high
resistances are betiar in practice. Periodic osclllations, or
parallel motions of the wzngs in uniformly flowing or evern in an
'osc1llating air stream, always considerably impair the aerodynaw'

prOperties.

Translated by National Advisory Committee for Aeromsutice,.

‘
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